Background: The Inner City Asthma Intervention (ICAI) was a national multi-center implementation of an evidence-based intervention to reduce asthma morbidity. Objective: This study describes mitigating behaviors and reported outcomes in families with asthma who completed the intervention and a post-intervention survey at one of the ICAI sites. Results: Eighty percent (0.72-0.88, 95% confidence interval) of these families made five or more changes to mitigate exposure to environmental asthma triggers. The majority of families (0.84-0.96, 95% confidence interval) reported an improved awareness of asthma symptoms and less school absences, limitations of activity, unplanned doctor visits, and asthma related sleep disruption. This research has been supported in part by a grant from the U.S. Environmental Protection Agency's Science to Achieve Results program (grant number R-8296650) and in part by the USDA grant MAS00870-0193776. This article has not been subjected to any EPA or USDA review and therefore does not necessarily reflect the views of either Agency, and no official endorsement should be inferred.
I. Introduction
Asthma is one of the most common chronic illnesses among children in the United States. Childhood asthma affects approximately 8.9% of US children contributing to nearly $13 billion per year spent on direct costs alone for asthma treatment. 1 Nationally the disease burden is especially great in urban areas with high levels of poverty and large minority populations. 2 In Massachusetts, the prevalence of asthma has been estimated to be 9.2% among children aged 17 years old and younger, and inpatient hospitalization for asthma accounts for $55 million in health care costs. 3 The prevalence of asthma is higher among low-income children in Massachusetts than among higher income children: 18.1% of children in families with annual household income less than $25,000 have asthma compared to 8.6% to 9.8% of children in higher income families.
In a study of repeat hospital admissions, the probability of having a repeat hospitalization was greater among Blacks and Hispanics compared with Whites when controlling for income and insurance coverage. 4 Non-Hispanic Blacks and Hispanics experienced four times the rate of emergency department visits, twice the rate of inpatient hospitalization rate and four times the mortality rate compared to Non Hispanic whites.
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The Inner City Asthma Intervention (ICAI) program was an extension of the National Cooperative Inner City Asthma Study (NCICAS) located at 22 sites nationwide where asthma was identified as a public health problem. The NCICAS demonstrated that an individually tailored family centered intervention carried out by masters-level social workers trained in asthma management could reduce asthma symptoms among poor, inner-city children. 6 This study examines the impact that the ICAI program has by comparing parents'
responses to a baseline survey and to a post-intervention survey at one of its implementation sites in Springfield, MA. This research contributes to the literature on health interventions in two ways. First, it describes how families benefited from an asthma intervention designed in a research setting and translated into practice in a community clinic. Second, it suggests an approach to evaluate an intervention retrospectively when project evaluation was not integrated into the initial program design.
II. Methods

Study Setting
The ICAI program targeted children in Springfield, Massachusetts, a city with a population of 144,000. Springfield is a diverse city with 30% of its residents being Hispanic and 22% being African American, and 23% of the population report that Spanish is their primary language. The city faces major economic challenges as 27% of the population lives below the poverty line, ranking the city as the 37th poorest city in the nation. According to the 2000 census statistics, 24% of Springfield residents have less 6 Evans R. 
Development of Post-Intervention Survey
To measure the change in household asthma management and health outcomes, we 
Description of Post-Intervention Survey
The post-intervention survey has three components, which include basic questions about the child's asthma, demographic and socioeconomic status, and asthma's impact on the family. In the post-intervention survey we repeated questions selected from the CARAT in their original form including: child's primary language, gender, and age; use of daily control and/or rescue medication(s); stress level in the household; use of allergy barriers bedding, environmental tobacco smoke in home, and carpet in home; belief that asthma symptoms can be controlled. Questions new to the post-intervention survey included: additional questions on asthma beliefs and attitudes, change in negative outcomes (number of school days missed, frequency of severe symptoms, unplanned MD visits, nighttime asthma, and activity restrictions) and change in behaviors to reduce 11 
Data Analysis
The data for this analysis come from two family centered surveys, the baseline survey (Childhood Asthma Risk Assessment Tool -CARAT) and the post-intervention survey described above, completed by a subset of participants after the intervention program.
First we summarize the intervention population using the CARAT data. Next we present tests for sample selection of participants who completed the post-intervention survey using t-tests. Then we summarize the responses to survey questions in two domains: selfreported process outcomes, such as actions to reduce asthma triggers in home, and selfreported change in asthma outcomes. Last we present the participants' evaluation of the asthma program.
III. Results
Demographics Table 1 , and 52% of the children were female. All children in the program had moderate persistent to severe persistent asthma.
Spanish was the primary language for 44% of the intervention population. Of the households who completed the post-intervention survey, 40% report Spanish as their primary language, 48% of children were female, and the mean age was 9.38 years.
Asthma Triggers and Management at Baseline
The CARAT was designed to elicit information about exposure to asthma triggers (n=189). Parents reported carpets present in 43% of the child's bedroom and 46% of the family/television room. Other possible asthma triggers that were commonly reported include: use of gas stove (42%), presence of mold or mildew on ceiling, walls and/or windows (71%) and presence of cockroaches (37%). These results suggested the need for education on asthma triggers as well as potential for reduction in asthma exacerbation through household changes.
The CARAT elicited information on three areas of asthma management prior to the intervention: continuity of asthma related care, avoidance of asthma triggers and appropriate use of asthma medication. At the time of the baseline when all 189 participants were interviewed, 60% of the participants reported having a regular doctor for their child's asthma. A minority of children had allergy mattress and/or pillow covers (10% and 8%). Parents reported that children were exposed to tobacco smoke in 45% of the homes. Only 6% of the participants used no medication, 50% used both controller and rescue medication, although 11% of parents reported that the child only used the controller medication and 33% reported that that child only uses rescue medications.
Over half of all patients did not receive any written instructions for medication use, and the majority (60%-70%) did not have a written asthma plan.
Demographics of Post-intervention Sample
To confirm that the sample of participants who completed the post-intervention survey was representative of the intervention population, we compared the two groups on observable demographics (Table 1 ). The post-intervention group consisted of 25 families out of the 189 interviewed at the baseline, referred to as the "intervention group". In the intervention population, English was the primary language of 56% of families and Spanish the primary language for 44% of families, compared to 60% and 40% in the post-intervention sample. In the intervention population, 48% of the children were male whereas 52% were male in the post-intervention sample. The children in the postintervention survey ranged from 5 to 14 years old and were slightly younger on average than those in the intervention population (mean of 9.4 post-intervention sample versus mean of 10.7 baseline population). We use t-tests for proportions and means to compare the post-intervention sample to the intervention population. At the 5% significance level we do not reject the null hypothesis that the sample has the same proportion of English speakers and male children as the population (p-values of 0.6643 (language) and 0.659 (gender)). We do reject the null hypothesis of equal mean age in the sample and population (p-value=0.0199). Although the children in the sample were on average younger, we do not believe that this difference has substantial qualitative impact of our results. While the two groups appear to be similar to one another based on these observable variables, identification of characteristics that may be better predictors of asthma management remains an open research question, and thus we are not able to test for selection based on these characteristics.
As Table 2 shows, the majority of the participants in the post-intervention sample have a household income below $20,000, lived in single-parent headed-households and parents had completed less than a high school degree. Approximately 23% of the caregivers in the sample were looking for employment. The main focus of the CARAT was to identify household asthma triggers and socio-economic questions were limited due to concerns about such questions limiting participation. As a consequence, we were not able to compare the income, education attainment and employment status between baseline and post-intervention groups.
Process Outcomes
One major goal of the intervention was to empower families by providing information on asthma triggers in the home and ways they could reduce these triggers. 13 We asked parents about changes that they made as a result of learning about asthma triggers. These process outcomes included: dusting, vacuuming, using allergy barriers in bedding, use of air filter, use of air conditioner, washing sheets in hot water and We explored several factors which we hypothesized may be associated with adoption of asthma management. These factors included household socio-economic 13 National Asthma Education and Prevention Program, July 1997.
characteristics (household income, housing type, educational attainment, single-parent household, self-reported parental health, primary language at home), attitude and beliefs (specifically "is the child upset about having asthma?" "does the child feel limited by asthma?" and "does the child feel that having asthma is unfair?"), and household stress and coping skills (e.g. parents were asked "does having asthma cause stress for your child?" "has your child's asthma caused stress in your family?", "are you confident that you can handle a severe attack of your child's asthma?" "do you feel that asthma can be controlled so that children can be symptom-free almost everyday?" and "do you feel that your child having asthma is unfair?"). We could find no consistent family characteristics that predicted the extent of reported behavioral change after the intervention.
Medication Use
A second major goal of the ICAI program was to encourage families to use medication as prescribed and to use proper inhaler techniques to bring the child's asthma under control and allow the child to live as normal a life as possible. Only children with moderate persistent to severe persistent asthma as defined by the National Heart Blood and Lung Institute criteria were eligible to participate in this program. Given the asthma severity of participating children, the guidelines suggest that a majority of these children should be on controller medications; however baseline data suggest an over-reliance on rescue medication and under-utilization of controller medication. Although the difference between the sample before and after the intervention is not statistically significant, parental report of using controller and rescue medications together as part of the management plan rose from 50 to 62% after the intervention period (p=0.24). There was a statistically significant difference between the proportion of the sample using controller medication only or rescue medication only before and after the intervention. Caregiver reports of utilizing only controller medication increased from 11% of children to 23% of children (p=0.028). Over-reliance on rescue medication decreased from 33% of children to 15% of children in this sample (p=0.028). The percentage of parents reporting no medication use after the intervention dropped for 6% to zero.
Change in Asthma Outcomes
We found evidence that the change in process outcomes such as trigger reduction in homes and use of control medications did translate to substantial changes in health outcomes in our post-intervention group of 25 families (Figure 2 ). After participating in the program, families reported a decrease in negative outcomes including the number of missed school days, frequency of severe symptoms, and frequency of unplanned doctor's visits for asthma. Families reported that the children had fewer problems with nighttime asthma and less activity limitation in terms of everyday activities. Before participating in the Inner City Asthma Intervention program, asthma was reported as an additional stress and emotional burden to these children and their families, and most (76%) of the parents reported feeling some stress to feeling stressed all of the time. After the intervention these reports of family stress decreased to 68% of intervention parents, but this was not a statistically significant change, (p=0.17).
Nearly 90% of post intervention parents reported that the family was doing better now compared to before the program (0.84-0.96, 95% confidence interval). Over 90% of the post-intervention sample reported that the asthma counselor: explained things in an clear manner, showed respect for the family's needs, and explained things to child in a way they could easily understand (0.84-0.96, 95% confidence interval).
IV. Discussion
This report details some of the behavior changes enacted by families participating in the ICAI program in Springfield, MA. In this study, families reported adopting behavioral changes to reduce exposure to potential asthma triggers. In addition to reported behavioral changes there were improvements in outcomes as measured by selfreported missed school days, amount of severe symptoms, limitation of activity, interrupted sleep and frequency of unplanned doctors visits for asthma. Families reported less stress and an overall improvement in the child's health and well-being Additionally, parental reports of medication utilization had improved. Children were using daily controller medications more frequently and rescue medications appropriately. Children learned the importance of the medications as well as the proper techniques to affectively take medication. Parents felt that they learned more about the differences between the medications and when and how to administer them properly to their children.
The reduction of self-reported stress in participating families might be an important benefit of this program as chronic stress has been documented to play a role in asthma severity. 14, 15 At baseline, 75% of parents reported feeling stressed as a result of the child's asthma. After the program, when asked if they felt stressed, 68% of parents reported feelings some level of stress, although about half of parents did not attribute the child's asthma to feeling stressed.
Parental worries regarding the use of daily medications have been associated with poor medication adherence in urban children. 16 Mansour et al. (2000) conducted a study among black patients and identified health beliefs, family characteristics, and the social and physical environment as the major barriers to quality asthma care. They argued that these factors were more important than access to medical care, health insurance, and continuity of care. 17 The level of comfort that families reported in getting asthma information and accessibility of the asthma counselor may have played a role in this population in improved use of controller medications and reports of decreased parental stress.
Behavioral change leading to successful environmental remediation was also achieved in this group. These results show that implementing strategies to reduce indoor allergens and triggers, among high-risk populations, is associated with sustained improvements in self-reported, asthma-related morbidity. Generally speaking, making changes around the home has lead to observable improvements in asthma-related outcomes and quality of life. 16 In addition to sample selection bias, recall bias may also be introduced into this study, as all of the data collected were self-reported. Using self-reported data forces us to rely on parent's perception and ability to accurately recall events. Other studies have
V. Limitations of Study
shown that reports of school absences due to asthma tend to be over estimated in children with asthma when relying solely on self-reported data. 18 Additionally, as with any postintervention survey, there is the risk of respondents modifying their responses so as to provide "socially desirable" replies; however, we believe this risk was reduced by having the survey completed by an interviewer who was not associated with the asthma program or the Baystate Medical Center. The structure of this study, being conducted after program completion, forced us to rely solely on self-reported data. However it is important to recognize that much of the information collected, such as feelings of towards the asthma or changing behaviors within a household can only be measured in this manner. Therefore we find it necessary to acknowledge these potential areas for bias in our results, but not to speculate how the bias will impact the results as the primary focus of this research is not to examine bias, but rather to examine how changes in behaviors affecting asthma outcomes were attributable to participation in the ICAI program.
VI. Conclusion
This study shows that caregivers who participated in the ICAI program and postintervention survey felt knowledgeable about asthma and subsequently more comfortable with managing the child's asthma at home and in working with health care professionals to maintain adequate asthma care. These families also reported adopting behavior changes to reduce the exposure to asthma triggers and also improvements in the use of controller and rescue medications. The report shows how families responded to an asthma intervention originally designed in a research setting. *Note that we would expect all of the responses to the questions to be less often, except being aware of symptoms, which we would expect to be more often than before.
Responses to the question: "Compared to before the Intervention program, how often does the child…"
